Abstract-
INTRODUCTION
Research on climate change adaptation has been conducted by the IPCC, UNFCCC, United Nation Environmental Programme (UNEP), and several climate scientists. There are different definitions of adaptation, (Pielke, 1998 , IPCC, 2007 , and Smith, 1993 , Defined adaptation as the adjustment in ecological, social, or economic systems in response to actual or expected climatic stimuli and their effects or impacts (IPCC, 2001 ). The importance placed on adaptation is reflected in Article 10 of the Kyoto protocol where it "commits parties to promote and facilitate adaptation and deploy adaptation technologies to address climate change". Also Paris (2015) UNFCCC adopted version of the agreement charged parties; especially developing countries to pursue and redouble efforts to limit the temperature increase to 1.5 o c. The 1.5 o c goal will require zero emission sometime between 2030 and 2050. Appropriate adaptation can reduce the negative effect of climate change. The capacity to adapt to climate change depends on many non-climatic factors: level of economic development and investments, access to markets and insurance and political considerations (Lioubimsteva and Henebry, 2009). Soybean, Glycine max (L Merr) the miracle seed is the world's most important oil seed legume which is produced in most part of middle belt of the country especially Benue state. Some of other states producing soybean in the country includes Kwara, Kogi, Oyo, Ondo, Osun, Nasarawa, Taraba, Niger, Bauchi, Kaduna. (Salunkhe ; Adsule, et.al., 1992) . In 1986 Nigeria was the second largest producer of soybean in sub-Saharan Africa (SSA), with over 65,000 metric tons (MT) followed Zambia 36,000 tons. (Singh et.al., 1987) . Presently Nigeria produces about 500,000 MT of soybean annually making it the largest producer of the crop on the African continent. Benue state is producing Source: www.Benuestatemap.com. Population of the study. The population for the study comprises of all soybean farmers in Benue state. The data for the study was collected from 217 randomly selected soybean farmers in the study area due to high population of soybean farmers and high level of soybean cultivation.
Sample and Sampling Techniques.
The major soybean producing agricultural zone was purposively selected for the study. Northern and NorthWest agricultural zones consisting of two (2) Local Government Areas were randomly selected from each zone. Three communities were randomly selected from each local government area and three soybean farming villages were also selected from each community. Five (5) households were randomly selected from each farming village. Utange  133  20  Mbakuhwa  122  18  Mbadede  166  25  Konshisha  --Iwarnyan  89  14  Mbamar  78  12  Iwarev  122  18   North West Gboko  --Mbadeda  133  25  Mbanev  122  18  Tse-kucha  122  20  Tarkaa  --Mbanoughul  56  10  Shitile  78  15  Pipeline  89  20  2  4  12  1320 Data for this study was collected from primary source. Primary data was collected through the use of a well structured questionnaire, copies of which were administered to the selected 217 soybean farmers in the study area. Primary data was collected on the adaptive measures for mitigating the effect of climate change, factors influencing the choice of adaptation measures, constraints to climate change adaptation measures in the study area. Model Specification. The data for this study was both descriptive and inferential statistics. Objective (i) was realized using descriptive statistics, viz. percentages and frequencies. Objective (ii) was achieved using stochastic frontier model. Objective (iii) made use of multivariate discreet choice model (MNL). Objective while objective (iv) was analyzed using Factor Analysis model (FA). Multivariate Discreet Choice Model. The Multinomial Logit (MNL) model for climate change adaptation choice specifies the following relationship between the probability of choosing option Ai and the set of explanatory variables X as (Greene, 2003):
Where βj is a vector parameter that relates the socioeconomic, farm and institutional characteristics Xi to the probability that Yi= j. Because the probabilities of the six (6) main climate change adaptation strategies must sum to one, a convenient normalization rule is to set one of the parameter vectors, say β0, equal to zero (β0=0). The probabilities for the six (6) alternatives then become (Greene, 2000):
The estimated parameters of a multinomial logit system are more difficult to interpret than those in a bivariate (or binomial) choice model. Insight into the effect that the explanatory variables have on the climate change adaptation strategies decision can be captured by examining the derivative of the probabilities with respect to the kth element of the vector of explanatory variables. These derivatives are defined as (Greene, 2000):
] j = 0,1,…..6; k = 1,..,k Clearly, neither the sign nor the magnitude of the marginal effects need bear any relationship to the sign of coefficients.
The Yi is the probability of choosing a climate change adaptation strategy. The following are the main climate change adaptation strategies used among soybean farmers; 1. using different or multiple varieties of soybean 2. change in location of soybean farmlands/plots (i.e. land fragmentation/ land use planning) 3. change in timing of operations/ change in planting dates (i.e. multiple planting dates) 4. crop diversification (i.e. changes in crop mix) 5. diversification of source of household income to unrelated off-farm employment (off-farm employment opportunities) 6. Planting of cover crops (cover cropping). Xi= socio-economic, farm-specific and institutional variables. Socio-economic variables that were used partly as independent variables include: Household size (X1) = Number of individuals in the household. Age (X2) = Age of household head in years. Education level of farmer (X3) = number of years of schooling of household head. Years of climate change awareness (X4) = number of years of household head's awareness of climate change. Marital status (X5) = farmers marital status or his responsibility. Gender (X6) = sex category of household head (dummy1for male; 0 otherwise). Farm-specific variables that were used partly as independent variables include: Farm size (X7) = measured in hectares. Average distance from homestead to the farm(s) (X7) = Average distance from homestead in kilometers. Institutional variables that were used partly as independent variables include: Access to extension services (X8) = number of formal extension visit in the cropping season. Membership of cooperation (X10) = Number of membership of cooperative that the farmer belong to. Access to credit facilities (X11) = access to formal credit (dummy 1 for access to credit; 0 otherwise).
Stochastic Frontier Models Stochastic Frontier Production Function
The data in this study was fitted into Cobb-Douglas and average production forms of stochastic frontier production function and the best form was selected through the use of generalized log-likelihood test after meeting the econometric requirements. Cobb-Douglass production form: Ʃ is the sign of summation. Yi = the value of output in naira, X1=the total labour used in soybean production in mandays; X2=the total land area (farm size) used in soybean production in hectares; X3= the total quantity of fertilizer used in soybean production in kilogrammes; X4= the total value of other agrochemicals (i.e. pesticides and herbicides) used in soybean Production in naira, and X5= the depreciated value of farm implements (i.e. hoes, cutlasses, watering can, etc.) in naira. It was calculated using straight line method of calculating depreciation. That is, Depreciation is ℎ ℎ − ℎ The Vis are random errors that are assumed to be independent and identically distributed as N (0,σv2) random variables; and the Uis are non-negative inefficiency effects that are assumed to be independently distributed among themselves and between the Vis such that Ui is defined by the truncation of the N (Ui, σ) distribution. Where Ui is defined by:
Ui = inefficiency effect; δi = coefficients of climate change adaptation strategies and socioeconomic factors. Zji = climate change adaptation strategies and socioeconomic factors (i.e. hypothesized efficiency changing variables). Z1= land fragmentation (number of farm plots used for soybean production as a result of change in climate); Z2= off-farm employment (income from unrelated employment in naira in order to adapt to climate change); Z3= inorganic fertilizer (in kg, 0 otherwise); Z4= organic fertilizer (in kg); Z5= tree planting date (number of trees per farm); Z6= multiple planting date (number of trees planted in a season); Z7= years of awareness of climate change, and To choose the functional form that best describes the inefficiency effect, the following hypothesis will be tested; H0: γ = δ0 = δ1 =...δ7 = 0, this hypothesis specifies that the inefficiency effects are not present in the model. If this hypothesis is accepted, then the soybean farmers are fully efficient. Then, the data will be better analyzed using average production function rather the frontier function, which assumes the presence of inefficiency in soybean production. Test of the above hypothesis will be obtained by using the generalized likelihood-ratio statistic, which is defined by;
Where L (H0) is the value of the likelihood function for the average production function (Model 1), in which the parameter restrictions specified by the null hypothesis, H0 are imposed; and L (H1) is the value of the likelihood function for the general frontier model. If the null hypothesis is true, then λ has approximately a Chi-square (or a mixed square) distributed with degrees of freedom equal to the difference between the parameters under H1 and H0, respectively; that is the number of parameters excluded in the model.
Factor Analysis Model.
Principal component analysis model was used in achieving objective (vii), which is Specified as: Y1 = a11X1 + a12X2 + * * *+ a1nXn Y2 = a21X1 + a22X2 + * * * + a2nXn Y3= a31X1 + a32X2 + * * * + a3nXn * = * * = * * = * Yn= an1X1 + an2X2 + * * * + annXn Where: Y1, Y2 …Yn = observed variables/constraints of soybean farmers on adoption of climate change adaptation strategies. a1 -an = factor loadings or correlation coefficients. X1, X2, … Xn = unobserved underlying factors constraining soybean farmers from adapting to climate change adaptation strategies were retained, the study selected factors with high factor loadings scores ± 0.4 or greater.
Data Analysis Techniques.
Descriptive statistics was used to analyze the objectives in this study especially, Objective (i) and (ii) were analyzed using Descriptive Statistics such as Frequency, and Percentage. Objective (iii) was analyzed using stochastic frontier analysis. Objective (iv) was analyzed using Multinomial Logit Model MNL. Objective (v) was analyzed using Factor Analysis Technique. Hypotheses (i) was tested using F-test and hypothesis (ii) were tested using t test as embedded in stochastic frontier models and multinomial logit, respectively. Table 1 shows the numbers of questionnaire administered, completed, and returned. The analysis of data shall be restricted to the 204 questionnaires collected from respondents. About 53.9% respondents used planting across slop as a crop management practice to adapt to climate change, multiple soybean varieties were used by about 50.5% of the respondents. About 51.0% respondents were using land fragmentation to cope with change in climate. Majority of 1.5% respondents were practicing fallow or alternative tillage system to cope with changing climate. Multiple planting dates were used by 77.0% respondents in the study area. About 36.8% respondents in the study area were involved in off farm employment to reduce the reduction in income cause by climate change. The respondents practicing cover cropping were about 12.3% to caution the effect of climate change on their farm. Majority of 93.6% respondents in the study area were applying inorganic fertilizer to cope with the reduction in output as a result of changes in climate. About 27.9% of the respondents were using organic fertilizer or manure to adapt to climate change. About 27.9% of the respondents were planting trees to adapt to climate change. About 12.3% respondents in the study area were practicing shading or sheltering as an adaptation measure on their farms, 52.5% of the respondents were changing farm size as an adaptation measure on their soybean farm. 1. Land fragmentation: the result shows that the coefficient for land fragmentation is positive and significant at 5% level of probability for all the respondents. For the positive significant coefficient, if implies that an increase in land fragmentation tends to increase level of the technical efficiency (i.e. decrease technical inefficiency). This finding agrees with the findings of Obwona (2000, 2006) and nearly similar with the finding of Otitoju (2008) of small-scale soybean production in Benue state, Nigeria which found out that increase in the number of fragmented land decreased technical efficiency. 2. Off-farm income or employment: the estimated coefficient of off-farm employment is positive and significant at 1% level of probability for the respondents in the study area. The positive relationship implies that as offfarm employment or income increases, the level of technical inefficiency tend to increase (i.e decrease technical efficiency). The positive relationship suggests that increases in non-farm activities are accompanied by a reallocation of time away from farm-related activities such as adoption of new technologies, intensification of other adaptation measures and gathering of technical information that is vital for enhancing production efficiency. The finding agrees with the finding of Abdulai and Huffman (2000) in which inefficiency increases with involvement in off-farm employment. 3. Inorganic and organic fertilizer use: the result showed that the coefficient for inorganic and organic fertilizer use is positive and are significant at 10% level of probability. The positive relationship for both inorganic and organic fertilizer use implies that as inorganic and organic fertilizer use increases, the level of technical inefficiency tend to decrease. by Chi-Square statistics were highly significant at ‫,)٭93.28(‬ suggesting the model has a strong explanatory power. Age is significantly and positively correlated to the probability of choosing crop diversification to fertilizer application farm-level climate change adaptation measures in the study area. This implies that as age of increase, soybean farmers have a long planning horizon and are more likely to choose crop diversification as farm-level climate change adaptation measure to be able to cope with climate change than the older counterparts. This result disagrees with the work of which found that age is inversely related to the probability of choosing Mono crop-livestock under irrigation. This also disagrees with the discovery by Bayard et al., (2006) that the age of farmers has a negative influence on the adoption of rock walls as soil management practice in Fort-Jacques in Haiti and on adoption of ibST in Connecticut Dairy farm (Foltz and Chang, 2001 ). It is assumed that the younger the farmer the likelihood that he/she is to adapt measure that will reduce the negative effect of climate change is more. A unit increase in the age of soybean farmers would probably decrease respondent choice of crop diversification to fertilizer application farm-level adaptation measures by 0.139 (1.99) in the study area. The result showed that there is a positive relationship between household size and the probability of choosing crop diversification to fertilizer application as farm-level adaptation measures in the study area. This implies that, the bigger soybean families are, the better they are able to choose crop diversification than fertilizer application by 0.177(1.97) significance as farm-level climate change adaptation measures in the study area. This result disagrees with the finding of Birungi and Hassan (2010) which found out that household size is negatively related to the adoption of fallow as land management technology in Uganda.
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III. RESULT AND DISCUSSION
Result and Discussions
Farm distance to the residents of the soybean farmers` household is negatively related to the probability of choosing multiple crop varieties and crop diversification to fertilizer application as farm-level adaptation measures in the study area. It implies that the proximity of the farmers residents to the farm permit or gives farmers the opportunity to choose multiple crop varieties and crop diversification by -0.176(-1.65) and -0.219(-1.68) 10% significance to fertilizer application as farm-level adaptation measures in the study area. This result disagrees with the study of Birungi and Hassan (2010) that found out that distance for plot to farmers residence had positive relationship with adopting fallow, inorganic fertilizer as land management practices in Uganda. Farm size has negative relationship with the probability of choosing multiple crop varieties to fertilizer application as farm-level adaptation measures in the study area. This means that household that own more plots or large farm size have higher probability of choosing farm-level adaptation measures than their counterparts with smaller farm land. This also implies that large hectares of land or farm size can influence farmers' decision to choose and use farm-level measures that will probably reduce the effects of climate change. This finding agrees with the study of Birungi and Hassan, (2010) that larger land increases the probability of investment in land management. Marital status is negatively related to the probability of respondents choosing crop diversification to fertilizer application as farm-level adaptation measure in the study area. This means that marital status of respondents would more likely influence their decision in choosing crop diversification to fertilizer application by -3.597 (-2.34) at 5% significance as farm-level adaptation measure in the study area. 19. Non availability of farm labour 0.574 0.460 *Factor 1 = Public, institutional and technological constraints, Factor 2 = Land, traditional belief and farm distance constraints, Factor 3 = high cost of inputs, small scale production and knowledge of copping or to build resilience constraints. **Constraints that loaded under more than one factor. Note: Factor loading of /0.40/ is used at 10% overlapping variance variables with factors loadings of less than /0.40/ not reported. Source: computed from field data, 2016.
TEST FOR HYPOTHESES H1. The significance of the Gamma (γ) parameter at 5% level of significant rejects the null hypothesis that farmlevel adaptation measures have no significant effect on the farm output of soybean farmers due to the difference in their technical inefficiency effects were present and makes significant contribution to the farm output of soybean farmers. H2. Result of the chi-square (χ 2 ) at 10% level of significant means the null hypothesis that there are no significant factors influencing choice of farm-level adaptation
